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METHOD OF MAKXNG A HALOGEN LAMP AND OTHER ANALOGOUS LAMPS AND 
OBJECTS , AND APPARATUS FOR THE MANUFACTURE THEREOF 
p^^pATTKm OF -H" TNCTMTION 

i rial- 1 " f I nvention: 

The present invention generally relate, to a method of 
making halogen lamps and halogen lamp bulbs. a S well as other 
analogous lamps and objects. The present invention also relates 
to apparatus used in a method or making halogen lamps and halogen 
iamp bulbs, as well as other analogous lamps and objects. 
o Backq^^d Inform ation: 

During the operation of a halogen lamp, an equilibrium is 
established between the formation and decay of tungsten halides 
£r om the tungsten vapor fro. the filament and the fixture of 
Halogen and inert glass. The decay reaction thereby ta.es place 
at higher temperatures than the formation reaction, so that the 
tungsten is re-deposited on the filament. If this cycle is 
erupted by contaminating components, the tungsten, instead of 
b eing deposited on the filament, is deposited on the inside of 
the glass bulb as a reflective black coating, and the lamp 

becomes unusable. 

Darkening or blackening in tungsten-halogen lamps occurs 
because as a result of reactions of the halogen gas with the 
gl ass, the amount of halogen gas that must be present to mainta.n 
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coll apses ana tungsten is deposited as a blacK coating on 
insias of the glass instead of on the filament . 

Fo r numerous uses of glass objects, in particular glass 

f ro„ the ^-finished, glass objects, the glass is reared 

. ■ i„ articular of certain surface 
have certain characterist.es, in partxcular 

• ■ S uch as for example a high chemical resistance, 
characteristics, such as ror e v 

for example. 

S «e glass objects that retire the specified surface 
ch aracteristics are Hstea b y way of example in the following 
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for lighting purposes, e.g. halogen lamps, 

H _ f or discharge lamps, 

il . for the construction of chemical plants, 

□ in flow meters for chemically aggressive media, 

I „ fo r analytical purposes (e.g. test tubes, titration 

p cylinders etc.) 

f for reagent bottles for special purposes, 

for coating measuring electrodes in aggressive media, 
for use as components for biotech reactors 
. containers for medical purposes (e.g. ampoules, bottles, 
injection bottles, cylinder ampoules etc.), 
. as primary packaging for pharmaceutical products, 
. as components for display applications. 
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ot course the prior art describes glass objects. » 

as semi-finished products for the arming of ^ 
III articles which have, among other — ^ ^ 

l glass. T hey can also be produced on. with — optrcal 

^ also be transformed only with very specral 

quch glass objects can also Be trai 
I p ent, .ecanse on one ban. the transition temperatures 
l very high, ana on tbe other band tbe temperature range » 
whl cb transformations are possible is very narrow. 

Th erefore semi-finished 9 lase objects made of srlrca glass 
cannot be proved with sufficient quality and economy for mass- 

Eduction ----- point is genera iiy used 

Therefore glass with a -lowc 

f^tured on an industrial scale, such as 
for products manufactured o 

boroeilicate glass or soda-Ume glass. These typ 
b e manufactured and transformed easily. 

The prior art also discloses methods that mod.fy m 

f alass objects made of glass that has a 
particular the surfaces of glass ob^ec 

low melting point. ^^a~ for 

For example, tbe prior art aescribed bot formrng methods 
the production of glass objects from glass melts in which tbe 
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the hot forming to a specified gas atmosphere, and the surface 
characteristics of the glass can thereby be modified in a 
controlled manner. 

U.S. 4,717,607 describes a method for the manufacture of 
glass tubes in which the glass surface is chemically leached and 
thereby modified. During the drawing of the glass tube, the inner 
surface of the glass tube is thereby exposed to a gas mixture of 
a organo- fluoride gas, e.g. 1 , 1-dif luoroethane, and an oxidizing 
gas, e.g. air. The fluorine released by combustion of the gas 
mixture reacts with the alkali and alkaline earth metal ions in 
the glass surface, forming alkali and alkaline earth compounds 
that are then exhausted out through the gas tube. 

The prior art also describes methods in which the surface of 
the glass is chemically leached by introducing into the still hot 
glass tube an appropriately aggressive gas, typically S0 2 or HCl 
gas, which leads to surface reactions and a reduction of the 
alkali content in the surface. 

Such dealkalization methods are described, for example, in 
H.A. Schaeffer et al . , Glastech.Ber . 54 (1981), No. 8, pp. 247- 
256. The disadvantage of all these methods is that most of the 
gases used are toxic, whereby the glass surface can still contain 
traces of these aggressive reagent gases after the chemical 
treatment, and the surface structure of the glass can be damaged, 
which results in a rough surface and the presence of active 
centers on the surface. The use of such aggressive gases is also 
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of view of compliance with 

.ntal and occupational health and safety requ 
envl ronmental ^ particles 

During the transform of such ^ 

detached from the porous, damaged surfaces, 
can come detached ng prQcess 1S 

. i-h*. use of the leached glass tubes, a 
prior to the use prQCess 

™ to remove the reaction products. Th 
necessary to remov reaction 

„ t- , i e it increases the costs for the p 
products, i.e- 

fluoridatiOT - wical disa „ S as t h e 

HF solutions, which has un 

oths r aeration — f h 7 dealkaUzatlon 

To cli .«e tne d isaava„ta g es of t h e - 

• a rt also describes the manufacture or 

glass cental «. 9l a - ^ ^ 

used in part^ar as pac^ P ^ ^ 

- provided on ;r:i ;:: r : : ^ — «— - 

i::r— 

a auartz-like surface" in Pharmaceutical 
containers with a quartz 

ioqc Vol 8, No. 5, pp. 22-27. 
Technology Europe, May 1996, Vol. 

oM ects ,s t h ere by *- * — — ^ °' *" 
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coating material fro. its g as phase, in particular by means of a 
vacuum-assisted plasma CVD method (PECVD . Plasma Enhanced 
Chemical Vapor Deposition, , in particular , M 23, 0, S5S 01, and 
a pulsed plasma (PICVD - Plasma Impulse Chemical Vapor 

Deposition) . 

For this purpose, the finish-molded containers, i.e. the 
formed glass objects themselves, are coated internally. To do 
th at, each formed glass container must he individually subjected 
to a complex, time-consuming and expensive coating process 

appropriate to its shape. 

rwrrT ^ invention 
The object of the invention is therefore to produce glass 
objects from a glass melt, the surface of which objects is 
m odified and improved during the hot forming at least partly by 
m eans of a gas atmosphere and the surface quality/degree of 
oxidation can thereby be set and regulated in a controlled 
manner . 

gTTMMARY OF ™* INVENTION 
The invention teaches that this object can be accomplished 
„ iC h a hot forming method for the production of a glass object 
from a glass melt, whereby the surface of the glass melt rs at 
least partly exposed to a specified gas atmosphere during the hot 
forming, whereby a gas atmosphere with an oxygen concentration 
th at can be set and regulated is used, and the surface condition 
o£ the glass object is thereby modified by means of the set and 
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regulated oxygen content of the gas atmosphere . The surface 
coating is not produced by the precipitation of components. 

With regard to the apparatus, the invention teaches that the 
device for the hot forming of a glass object from a glass melt, 
whereby the surface of the glass object is exposed at least 
partly to a gas atmosphere during the hot forming, has the 

following means: 

Means for the hot forming of the glass object from a glass 

melt, 

Means to produce the gas. atmosphere, 

Means to set and regulate a specified oxygen content in the 
gas atmosphere, and 

Means to guide the gas atmosphere at least partly along at 
least one surface of the glass body. 

Because, in the hot forming method claimed by the invention, 
the surface of the glass body is at least partly exposed during 
the hot forming to a specified gas atmosphere with a set and 
regulated oxygen concentration, the portion of the surface of the 
glass body that is exposed to the gas atmosphere can be modified, 
and thus the surface characteristics or the surface condition can 
be set as required. In this manner, it is possible using simple 
means to directly modify and improve the surface of a glass 
object during the hot forming. The surface of the glass object, 
depending on the oxygen content in the gas atmosphere, thereby 
has a specific surface condition and thus a certain surface 
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characteristic that can essentially be regulated and set by means 
of the oxygen concentration. In addition to the oxygen content of 
the gas atmosphere, the composition of the respective glass and 
the processing conditions during the manufacture of the glass 
object, such as temperature, time and gas pressure, also play an 
essential role. 

The oxygen content of the gas atmosphere is set and 
regulated in a range of 0 to 100 vol.% and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, preferably in a 
range from 0 to 80 vol.% and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, and particularly preferably in a 
range from 10 to 3 0 vol.%, and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range. 

The invention further teaches that it is advantageous if a 
gas atmosphere is used that, in addition to oxygen, contains 
additional cases, in particular nitrogen, inert gases, C0 2 , S0 2 
and/or H 2 0 (wet or dry atmosphere) , the concentration of which is 
also set and regulated. The gas atmosphere preferably contains 
essentially nitrogen in addition to oxygen. 

The surface condition is thereby preferably modified and set 
to a surface depth of the glass object of 2000 nm, in particular 
1000 nm. 
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The hot forming method and/or the device claimed by the 
invention are particularly suited for the production of glass 
pbjects in which the glass object is drawn from a glass melt. The 
glass object in question is preferably a glass tube or flat glass 
that is drawn from a glass melt, whereby in particular the inner 
surface of the glass tube is exposed to the gas atmosphere during 
the tube drawing and is thereby modified. The flat glass can 
thereby be drawn preferably vertically or horizontally. 

The glass objects, in particular glass tubes, are formed and 
manufactured at processing temperatures and viscosities that are 
typical for the respective glass composition, in particular 
viscosities in the range of 10* to 10 5 dPas. 

in particular glass objects that are formed from a hot glass 
melt at a temperature of more than 1000 'C, preferably above 
1200 -C, can be advantageously produced with the method and/or 
with the device claimed by the invention. 

It has been determined, for example, that glass objects as 
claimed by the invention can be manufactured and hot formed from 
a borosilicate, neutral or aluminosilicate glass melt, whereby 
the surface can be advantageously improved and modified by means 
of the oxygen concentration. 

The preferred glass melt is an aluminosilicate glass melt 
having the following composition (in wt.% on an oxide basis) : 
Si0 2 40-75 and within the range percentages in tenth of percent 
steps such that any tenth of a percent may be a limit of a 
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diminished range, Al 2 0 3 10-27 and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, B 2 0 3 0-15 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, MgO 0-10 and within 
the range percentages in tenth of percent steps such that any 
tenth of a percent may be a limit of a diminished range, CaO 0-12 
and within the range percentages in tenth of percent steps such 
that any tenth of a percent may be a limit of a diminished range, 
SrO 0-12 and within the range percentages in tenth of percent 
steps such that any tenth of a percent may be a limit of a 
diminished range, BaO 0-30 and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, ZnO 0-10 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, Zr0 2 0-5 and 
within the range percentages in tenth of percent steps such that 
any tenth of a percent may be a limit of a diminished range, Ti0 2 
0-5.5 and within the range percentages in tenth of percent steps 
such that any tenth of a percent may be a limit of a diminished 
range, P 2 0 5 0-9 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, which is hot formed and its surface condition 
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It has also been found that aluminosilicate glass melts 
having the following composition (in wt . % on an oxide basis) are 
also particular well suited: 

Si0 2 46-64 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, A1 2 0 3 12-26 and within the range percentages 
in tenth of percent steps such that any tenth of a percent may be 
a limit of a diminished range, B 2 0 3 0-5.5 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, MgO 0-7 and within 
the range percentages in tenth of percent steps such that any 
tenth of a percent may be a limit of a diminished range, CaO 3-14 
and within the range percentages in tenth of percent steps such 
that any tenth of a percent may be a limit of a diminished range, 
SrO 0-11 and within the range percentages in tenth of percent 
steps such that any tenth of a percent may be a limit of a 
diminished range, BaO 6-25 and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, Zr0 2 0-5 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, Ti0 2 0-0.5 and 
within the range percentages in tenth of percent steps such that 
any tenth of a percent may be a limit of a diminished range, and 
P 2 0 5 0-9 and within the range percentages in tenth of percent 
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diminished range. 

si02 > 55-6* and within the range percentages m tenth o 

ch that any tenth of a percent may be a limit of 
percent steps such that any percen tages 

Q filo 13 -i8 and within the range pe 
a diminished range, Al 2 0 3 u J- 

t-hat any tenth of a percent may be 
in tenth of percent steps such that any 

, it of a 0-,S and within the 

9 fce . Umit o£ . diminished range, «g0 0-7 and withrn 

percent may be a limit or 

4n tenth of percent steps such that any 
the range percentages m tenth P 

■ _ limit of a diminished range, CaO 5 
tenth of a percent may be a limit 

^ntacres in tenth of percent steps sucn 
an d within the range per.enta.es ^ ^ 

that any tenth of a percent may be a Irmrt 

2 ... - — - — — es in tenth ° £ 7 

E a0 6-17 and within the range percentage » 
finished range, BaO X ^ ^ ^ ^ . 

tenth of percent steps such that any 

■ • W range Zr0 2 0-2 and within the range 
limit of a diminished range, ^2 

in tenth of percent steps such that any tenth of a 
percentages m tenth or P 

w. a limit of a diminished range, and Ti0 2 
percent may be a Umrt ^ 

within the range percentages in tenth of percen P 
any tenth of a percent may be a Umit of a — 

si02 59 . 62 and within the range percentages in tenth of 
pe rcel: steps such that any tenth of a percent may be a Umrt of 

. HO 13 5-15.5 and within the range 
a diminished range, Al 2 0 3 u • » J- 
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percental in tenth of percent step, such that any tenth of a 
percent may be a limit of a diminished range, B,0 3 3-5.5 and 
within the range percentages in tenth of percent steps such that 
any tenth of a percent may be a limit of a diminished range. MgO 
2 5 _ 5 and within the range percentages in tenth of percent steps 
such that any tenth of a percent may be a limit of a diminished 
range. CaO 8.2-10.5 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, BaO B.5-9.S and within the range percentages 
in tenth of percent steps such that any tenth of a percent may be 
a limit of a diminished range, Z r0 2 0-1.5 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, and Ti0 2 0-0.5 and 
within the range percentages in tenth of percent steps such that 

, s, limit of a diminished range, 
any tenth of a percent may be a limit 

si0 > 58-62 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, A1 2 0 3 14-17.5 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, B 2 0, 0-1 and within 

in tenth of percent steps such that any 
the range percentages m tenun 01. v 

tenth of a percent may be a limit of a diminished range, MgO 0-7 
and within the range percentages in tenth of percent steps such 
that any tenth of a percent may be a limit of a diminished range. 
CaO 5.5-14 and within the range percentages in tenth of percent 
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steps such that any tenth of a percent may be a limit of a 
diminished range, SrO 0-8 and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, BaO 6-17 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, Zr0 2 0-1.5 and 
within the range percentages in tenth of percent steps such that 
any tenth of a percent may be a limit of a diminished range, and 
Ti0 2 0-0.5 and within the range percentages in tenth of percent 
steps such that any tenth of a percent may be a limit of a 
diminished range . 

Si0 2 > 58-62 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, Al 2 0 3 15-17.5 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, B 2 0 3 0.2-0.7 and 
within the range percentages in tenth of percent steps such that 
any tenth of a percent may be a limit of a diminished range, MgO 
0 - <1 and within the range percentages in tenth of percent steps 
such that any tenth of a percent may be a limit of a diminished 
range, CaO 5.5-14 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, SrO 0-8 and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, BaO 6-10 and within the range 

14 




HHL-SCT-22 



in tenth of percent steps such that any tenth of a 
percentages .in tenth op and 
w> = limit of a diminished range, 

steps such that 

within the range percentages in tenth P 

_ a limit of a diminished range, and 
any tenth of a percent may be a 

Ti02 0-0.5 and within the range percentages in tenth P 

, of a percent may be a limit of a 
steps such that any tenth of a per 

diminished range. 

si02 46 - 6 3 and within the range percentages m tenth of . 

ch that any tenth of a percent may be a limit of 
percent steps such th^t a y ^ ^ ^ 

a diminished range, A l 2 0 3 ^ & ^ fee 

in tenth of percent steps such that any 

a limi t of a diminished range, MgO 0-5 and within the range 

in tenth of percent steps such that any tenth of a 
percentages m tenth P within 

^ a limit of a diminished range, CaO 3 
percent may be a limit u 

in tenth of percent steps such that any 
the range percentages in tenth P ^ 

v. = limit of a diminished range, 
t-^th of a percent may be a limit or 

tenth ot a p percent steps such 

■^u- chP ranae percentages m tentn or p 
and within the range p ditnin ished range, 

that any tenth of a percent may be a limit 

tnax: duy ^nt-h of percent 

BaO 6-15 and within the range percentages in tenth P 

ch that any tenth of a percent .ay b. a limit of a 
steps such that any tfae 

finished range, with MgO CaO + SrO + B 

. „ -in tenth of percent steps such that any 
range percentages in tentn v 

v. , ,i.it o£ a diminished range, with SrO 
o£ a percent may be a limit 

, 10 and within the range percentages in tenth 

v, ^ limit of a diminished 
S uch that any tenth of a percent may he a limit 
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range, Z r0 2 0.1-5 and within the range percentage, in tenth of 

a diminished range, and PA 0.1-9 and within the range 
percentage, in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range. 

Suitable borosilicate or neutral glass melts are in the 
composition range (in wt.% on an oxide basis) : 

Si0! 60-80 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 

, in 2 _ 10 and within the range percentages 
a diminished range, Al 2 0 3 2 iu ana w 

v. 3 nv tenth of a percent may be 

in tenth of percent steps such that any tentn 

a lim it of a diminished range, B 2 0 3 5-20 and within the range 
percentages in tenth of percent steps such that any tenth of a 

^ a limit of a diminished range, MgO 0-8 and withxn 
percent may be a limit 01 

■ ^ r^-f nprcent steps such that any 

the range percentages rn tenth of percent p 

tenth of a percent may be a limit of a diminished range, CaO .-12 
and within the range percentages in tenth of percent steps such 
that any tenth of a percent may be a limit of a diminished range, 
sr0 o-s and within the range percentages in tenth of percent 
st eps such that any tenth of a percent may be a limit of a 
diminished range, BaO 0-12 and within the range percentages rn 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, ZnO 0-10 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range. Zr0 2 0-5 and within 
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■ n tenth of percent steps such that any 
the range percentages xn tenth of P 

a limit of a diminished range, 
tenth of a percent may be a limit 

NO + R0 2 - 12 and within the range percentages xn tenth 

+ uch that any tenth of a percent may be a limit of 

percent steps such that any 

a diminished range. 

it-, can also contain known finxng agents, e.g. 
The glass melts can axso o 

Ifate As 2 0 3 as well as coloring components, 
~ cno MoCK, sulfate, as 2 ^ 3 
Sb 2 0 3 . Sn0 2 , MO 3. Mv o 02 to 0.2 «t.% and within the 

in particular Fe 2 0 3 .preferably 0.02 to 

f„ t-enth o£ percent steps such that any 
range percentages rn tenth 

o£ a percent may be a limit of a dashed range, 



J3 amounts. 
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^particular at very high processing temperatures of the 
* , in the qas atmosphere, it 

1 glass melt and/or a high oxygen content xn 

W . tant to bear in mind that the means to guide the gas 

S, is important b ^ rf _ than 

O atmosphere must be able 

l2 00'C and in particular of more than 1400 

- ate if the means for the hot forming of 
been found to be appropriate th _ 

-vu> alass object and/or the means to guide 

the glass 0D3 contains platinum or 

coated or made of platinum or an alloy th 
other refractory metals or alloys of such metals, 
in areas that are exposed to high temperatures. 

1 ■ .d bv the invention is preferably part of a 
The device claimed by tne 

• a nart of a tube drawing plant or 

laTlt . i n particular a part 01 
drawing plant, m p** 

part of a flat glass drawing plant. 



11 




NHL-SCT-22 

r\ bv the invention can be applied to all 
The method claimed by the ^ ^ 

^ ,v, at use a drawing nozzle that is 
tube drawing methods that ^ 

the forming of the glass object, in P 
aS " itv The tube drawing methods m 

forming of the tubular cavity. The ^ 

^estion are well-Known and reliable, and the 
method is described briefly below: , saslight ly 
In the Danner process, the drawing no.zle is a slig y 

■ n, a «rirel the Danner pipe, onto 
• slowly rotating ceramic mandrel, tn 

in clmed, 

whi ch a continuous stream of g giass ^ 

end of the pipe, ^ goring end of ^ 

ff whereby the introduction of a gas, in p 
drawn off, wherecy formation of a 

v, fh of the pipe causes the format iu 
trough the hollow shaft of th P p ^ ^ ^ 

.rawing root. The horizontal ly *~ 
roller line to the drawing machine, 

. ,„ -„ t into tubular segments. 
Btrand is cut mt tufces using 

A device of the type described above 

v, » nozzle from which the glass runs 
tb e Banner process also has a nozzle ^ ^ 

^ ~ „v-arHent between the exit 
temperature gradient oressurize the interior of the 

pipe end, as well as a blower to pressur 
gl l tube being drawn off with an overpressure or an 
underpressure with respect to the anient pressure^ 
' In the Velio process, the glass melt flows out o h 
£urn ace forehearth already in tubular form, because it 
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d orifi- The -It over a — ^ ^ 

through a ring-s^ ~ _ ing _ le o£ this 
Velio needle, which repre Herei 

too , air is blown through the £iows vertically 

o£ di£ ferent tube and , as in the D anner 

*— ' 1S thOT " 71 a roller train, cooled an. cut to 
Process, is then drawn off «a 

length. melt already flows in 

In the down-draw process, 9 

.v. ,„™,ce forehearth, because 
tubular for. from the furnac ^ ^ ^ ^ ^ ^ 

through a ring-shaped ^ needle , 

a mandrel, which in tta. case x ^ ^ 

■ t „™«d into the tube, mis y 
where the glass « formed ertlcally , an d is cut into 

a .as The tube is drawn down verbally, 
use a gas. 10 temperatures of 

tube segments without being turned 

approximately 300'C. by ^ . nvention 

,„, nbnects manufacturea «» 
The glass ob^eo ln 
*a for the manufacture of lamp 
are preferably used for heavy . duty halogen lamp bulbs, 

particular for the manufacture of heavy ^ 
and for the manufacture of contarners, rn par 

paging for P harm.ce, icals^ ^ ^ ^ ^ alBO 

in addition to the a aTmlie d to the 

* ■ a thin coating is applied t 
in oludes methods m wh^ ^ a ^ ^ 

sur£ aoe of the glass ^ ^ ^ . ^ £or the 

from the glass melt. EP 
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manufacture of glass tubing, whereby the inner surface of the 
glass is exposed to a gas atmosphere during drawing. The gas 
atmosphere thereby consists of a reactive gas or a reactive gas 
mixture which, in the cooled area of the glass tube, is excited 
by means of the generation of a plasma and thus produces a 
surface coating. The coatings used, in particular Si0 2 coatings, 
do not contain alkaline elements or alkaline earth elements. 

The above-discussed embodiments of the present invention 
will be described further hereinbelow. When the word "invention" 
is used in this specification, the word "invention" includes 
"inventions", that is the plural of "invention". By stating 
"invention", the Applicants do not in any way admit that the 
present application does not include more than one patentably and 
non-obviously distinct invention, and maintain that this 
application may include more than one patentably and non- 
obviously distinct invention. The Applicants hereby assert that 
the disclosure of this application may include more than one 
invention, and, in the event that there is more than one 
invention, that these inventions may be patentable and non- 
obvious one with respect to the other. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is explained in greater detail below with 
reference to the exemplary embodiments illustrated in the 
accompanying figures: 
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• „ rt f the construction of 
' Fig ure X U a schematic — - rt QJ . vel lo 

. device as claimed * «- — 

tub e drawing^- ^ ^ of the lower en, - 

Figure 2 is a . 

r^rel illustrated in Figure 1. 
the rawing mandrel conce ntration as a function 

Fl gure 3 sno«B the sod.um ron ^ ^ 9as 

t- of the invention, 
accordance wit, one aspec ^ ^ proceSS in 

Figure 5 is a simplified 

of the invention, 
accordance with one ^^^^^^ 

Vjgmmm^^ r^T^Tconstructed as 

■ illustrated in Figures 1 and 
The device il lustra 

described below: feeder sits a 

of the gobbing end (D ot tn 
At the base of the g ^ ^ 

in the center of this r 
discharge ring (2)- ghaft {3 a) , 

a .1 (3) The mandrel consists ot 
drawing mandrel (3) • This cone, the needle 

the lower end of which widens conic, ^ ^ ^ 

h ead C*». is -ated jU st undern^ ^ ^ ^ 

ne edle shaft is bellow to transp ^ _ be 

r-an be blown tnrougn. 
that the gas atmosphere can tlon . The needle and 

mo ved in the horizontal and vertical ^ ^ 
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with platinum both on its outer side, the one that comes into 
contact with the glass melt, and on its inner side, the one that 
is in contact with the gas atmosphere. 

The glass melt (4) flows through the annular orifice between 
the needle (3) and the ring (2) and spreads out over the conical 
needle head (3b) . From the edge of the needle head, the stripping 
edge (3c), it flows downward and forms a root. As the hollow 
strand (5) thus formed hangs, and before it solidifies, it is 
turned in the horizontal direction and is pulled by rollers or 
graphite blocks (6) by means of a tractor machine. The gas 
pressure of the gas atmosphere (7) can be set so that, in 
connection with different traction speeds, the quantity of glass 
to be processed can be manufactured in a broad range of 
dimensions . 

The device further has means to produce and regulate the gas 
atmosphere, such as for example pressurized gas containers and 
valves, as well as means to set and regulate the oxygen content 
in the gas atmosphere. Depending on the oxygen content in the gas 
atmosphere, the surface condition and thus the surface 
characteristics of the glass tube can be modified and set as 
desired directly during the drawing process. 

The forming area is located inside a heated muffle (8) . A 
portion of the sag is shielded and protected from drafts. To 
improve the thermal and chemical homogeneity of the glass, a 
revolving tube can rotate around the needle. When the feeder 
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d heated, the glass at the 

endo£ - — - ls superior to the 

— ^r-T— - - — - — o£ . 

Danner process 

tube s drawn. vello proce ss operates in a 

Ute aU drawing processes. ^ ^ ^ ^ 

characteristic viscosity range , whic ^ ^ ^ ^ 
design of the drawing nozzle, o ^ ^ type o£ 

sy stem etc. can therefore he spectre 

. to the needle diameter, the throughput and the 

Inaa Tr« --— parameters are the gas 
viscosity, other imp atmosphere, the 

• „ speed and the length of the sag. 
drawing speed ^ d ^ a mean£> to 

. ^ Xength of the sag can ^ ^ ^ ^ Une 

output. Because the stream^ ^ range , so 

— the 9iaBs ;::: r-- - - - ° vai - sbaped lto ° 

that it is neither too ^ ^ lQng sag . 

not,, higher throughputs can b ^ ^ size o£ the 

«inc the throughput requires er 
Ino reaeing t ^ ^ ^ contrast 

^ "^considerable extent by -eir own weight, 
process, to a con 

Exemplary embodiments: ^ ^ „ lth . 

«sing the Velio process, gla ^ ^ , or 

. . a s claimed by the invention and 
device as ex* ^ 
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it- that lies in the following composition 
Figure 2 from a glass melt that lies 

range percent in tenth of percent «~ «* ^ ^ 

h» » limit of a diminished range, Aip 3 "-lo 
of a percent may be a limit 

. „ <n r » n th of percent steps such 
and within the range percentages in tenth P 

th at any tenth of a percent ma y he a limit of a diminished range, 
Bj0l 0-5.S and within the range percentages in tenth of percent 
steps such that any tenth of a percent may be a limit of a 
diminished range. MgO 0-7 and within the range percentages in 

limit of a diminished range, CaO S-14 and within the range 

h « a limit of a diminished range, SrO 0-8 and within 
percent may be a limit 01 

, „ in tenth of percent steps such that any 
the range percentages in tenth or p 

v, a limit of a diminished range, BaO 6-17 
tenth of a percent may be a limit of a 

oe in t^nth of percent steps such 
and within the range percentages in tenth P 

that any tenth of a percent may be a limit of a diminished range, 
zr02 0-2 and within the range percentages in tenth of percent 
st eps such that any tenth of a percent may be a limit of a 
diminished range, and Ti0 2 0-0, and within the range percentages 
in tenth of percent steps such that any tenth of a percent may be 
a Umit of a diminished range, as well as fining agents in the 
usual amounts. 

As the glass tubes were drawn, and with otherwise constant 
drawing parameters, only the oxygen content of the blowing gas 
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was varied, and thus the surface condition of the inside of the 
glass tube was modified and set. A gas atmosphere was used that 
contained essentially nitrogen (0 2 content 0 vol.%), as well as a 
gas atmosphere that contained essentially nitrogen and 21 vol.% 
oxygen to blow the glass tubes. 

The glass tubes manufactured in this manner are preferably 
used to manufacture high- temperature halogen lamp bulbs. To make 
the influence of the different gas atmospheres (N 2 , air) on the 
layers near the surface detectable for purposes of analysis, the 
glass tubes drawn were tempered in the laboratory for 1 hour at 
680 "C at a moisture level in the air of 1 vol.% H 2 0, and then 
examined using SIMS (secondary ion mass spectroscopy) . 

The surprising result of the determination of the sodium ion 
concentration using SIMS as a function of the surface depth was 
as follows (See Figure 3) : 

The enrichment of sodium ions on the surface of the tempered 
glass tubes, down to a surface depth of approximately 750 nm for 
the glass tubes blown with 21 vol.% oxygen (Curve A) is much less 
than for the glass tubes blown essentially without oxygen (Curve 
B) . These measurement results clearly show that the surface 
condition of the glass tube can be varied and controlled by means 
of the oxygen content of the gas atmosphere. For example, the 
higher the oxygen content of the gas atmosphere, the lower the 
expected enrichment of sodium ions in the outermost surface of 
the glass. 
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... ia of particular importance for the 
This prising result „ P 
UBe of the glass tubes manufactured a. descr 

^odiment in halogen lamp — = ^ r » _ 

be essentially free of alkali oxide, at least 

because alkali ions aier.pt the regenerative halogen cycl 



lamp. 



{ rom the tungsten vapor from 

balogen and inert glass. The decay react.cn th V 
at higher temperatures than the formation react on, so 

L ls re-deposited on the filament. If thrs cycle is 
tungsten is re aep --i> a ii ions, for 

di srupted by contaminating components such as a , a 

►.n instead of being deposited on the 
example, the tungsten, ^ a 

lament, is deposited on the inside of S 

fl ective black coating, and the lamp becomes unusable, 
reflects tungst en-halogen lamps occurs 

Darkening or blackening 

as a result of reactions of the halogen gas with 
because as a result _, e sent to maintain 

ala ss the amount of halogen gas that must be prese 

, -s reduced to the extent that the halogen cycle 
th e halogen cycle is ~*»~ coating on the 

Elapses and tungsten is depos te ^ ^ 

. • j _ rtf t-he glass instead of on the no.* 

the glass is reduced, less halogen gas can react 
reactive of the glass ^ ^ 

with the glass, and, for example, less 

■ alass Thus less halogen gas is 

gas charge diffuses into the glass. 
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removed from the halogen cycle and the damning of the lamp by 
tungsten deposition on the inside of the glass is suppression. 

* ri*rkeninq can be clearly demonstrated by 
This suppressxon of the darkening can 

lamp test results. 

Halogen lamps were manufactured from the glass tubes drawn 
with different gas atmospheres <N 2 , air, during production. These 
halogen lamps were tested under identical conditions. It was 
determined that the illumination time until darkening occurred 
can be increased by 1-5 to 2 times from approximately 100 hours, 
if the glass tubes are drawn with air instead of with H 2 . 

The free valences of the glass surface formed during the hot 
forming were influenced by the respective oxygen content of the 
gas atmospheres, and the surface condition was thereby modified, 
and set as desired by means of the oxygen content. 

The following influences or modifications of the surface 
condition of a glass object are therefore conceivable: 
. influencing the glass structure of the surface 

- influencing the surface activity of the glass 

. Modification of the surface condition compared to the volume 

- Modification of the bonding conditions on the surface 
compared to the volume 

. influencing and controlled setting of the degree of 

oxidation of the surface 
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Portion of a thin special composition as a coating on the 
surface by interaction of the hot glass melt with the gas 

atmosphere 

Formation of reactive glass surfaces 

mfluencing of the glass surfaces as a function of the 

temperature 

Controlled setting of the chemical and physical 
characteristics of the glass surface 

■f hVip characteristics of the glass surface 
Modification of the character j.^ 

compared to bulk material 
Polarization of the surface 

Promoting or preventing transport by controlled gas 

compositions 
- Production of diffusion-blocking layers. 

using the method and the device claimed by the invention, rt 
is therefore possible to make available glass objects, the 
surface of which is modified and improved so that they can be 
used for example, as semi-finished products for molded glass 
objects for which there are stringent retirements regarding 
their surface characteristics such as chemical 
resistance/reactivity of the surface. 

The glass tubes manufactured by the method claimed by the 
invention are therefore excellently suited for use of the 
following products, for example: 

. Lamp bulbs, in particular lamp bulbs for halogen lamps, 
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containers for medical and pharmaceutical products such as 
ampoules, bottles, vials, cylinder ampoules, pharmaceutical 

primary packaging, 
. R eagent containers, test tubes, burets, pipettes, titration 

cylinders, 

- Tubular parts for chemical equipment construction. 

Because in the method claimed by the invention, the improved 
glass objects can be manufactured continuously and without 
additional process steps, compared to the manufacture of 
unimproved glass tubes, it represents a very simple and economic 
method, compared to the methods of the prior art, such as the 
leaching of the inner surface of glass tubes or even the internal 
coating of hollow glass moldings. 

One feature of the invention resides broadly in the hot 
forming method for the production of a glass object from a glass 
melt, whereby during the hot forming the surface of the glass 
object is exposed at least partly to a specified gas atmosphere, 
charactered by the fact that a gas atmosphere with a set and 
regulated oxygen content is used, whereby the surface condition 
of the glass object is set and modified by means of the set and 
regulated oxygen content of the gas atmosphere. 

another feature of the invention resides broadly in the hot 
forming method characterized by the fact that the oxygen content 
of the gas atmosphere is set and regulated in the range from 0 to 
100 vol.%. 
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of the invention resides broadly in the 

hot forming -hod character. * t ^ ^ 

content of the gas atmosphere xs defxn 

r::;.!.. - - — — -» 

■ ^ hv the fact that the oxygen 

content of the gas atmosphere xb 
^ ^-f in to 30 vol.%* 

• a vw the fact that the gas 
hot forming method characterized by - ^ ^ 

atmosphere, which contains additional gases i 
oxy ge, in particular « inert gases. Cj» 
t he concentration o £ which is - - - ^ ^ 

mother feature of the invention resides broadly 

rt a characterized by the fact that the surface 

::r ri: — - - - — - - • — 

Yet another feature of the inve 

■ „h bv the fact that the glass 
hot forming method charactered by 

object is drawn from a glass melt . ^ 

8tl ll another feature of the invents resides 
the hot forming method charactered by the fact that a glass 
tub e is drawn from a glass melt ^ ^ ^ ^ 

R further feature of ^ ^ 

hot forming method characterized by the 
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rawing of the tub., the inner surface of the glass tube i. 
exposed to the gas atmosphere. 

another feature of the invention resides broadly in the hot 
forming method characterised by the fact that a flat glass rs 

drawn from a glass melt. 

yet another feature of the invention resides broadly in the 
hot forming method characterized by the fact that the glass 
object is formed from a glass melt, the viscosity of which is » 

the range of 10* to 10= dPas. 

Still another feature of the invention resides broadly rn 
th e hot forming method characterized by the fact that the giass 
object is formed from a hot glass melt at a temperature of more 
than 1000- C. in particular from a hot glass melt at a 
temperature of more than 1200 ' C. 

' A further feature of the invention resides broadly in the 
h ot forming method characterized by the fact that the glass 
object is formed from a borosilicate glass melt, a neutral glass 
melt or an aluminosilicate glass melt. 

mother feature of the invention resides broadly in the hot 
forming method characterized by the fact that the glass object is 
formed from a glass melt having the following composition Un 
wt V on an oxide basis. = Si0 2 4 0 - 75 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, A l 2 0 3 10-27 and 
wit hin the range percentages in tenth of percent steps such that 
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any tenth of a percent may be a limit of a diminished range, B 2 0 3 
0-15 and within the range percentages in tenth of percent steps 
such that any tenth of a percent may be a limit of a diminished 
range, MgO 0-10 and within the range percentages in tenth of 
percent steps such that any tenth of a percent may be a limit of 
a diminished range, CaO 0-12 and within the range percentages in 
tenth of percent steps such that any tenth of a percent may be a 
limit of a diminished range, SrO 0-12 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, BaO 0-30 and within 
the range percentages in tenth of percent steps such that any 
tenth of a percent may be a limit of a diminished range, ZnO 0-10 
and within the range percentages in tenth of percent steps such 
that any tenth of a percent may be a limit of a diminished range, 
Zr0 2 0-5 and within the range percentages in tenth of percent 
steps such that any tenth of a percent may be a limit of a 
diminished range, Li 2 0 + Na 2 0 + K 2 0 0-7 and within the range 
percentages in tenth of percent steps such that any tenth of a 
percent may be a limit of a diminished range, Ti0 2 0-5.5 and 
within the range percentages in tenth of percent steps such that 
any tenth of a percent may be a limit of a diminished range, P 2 0 5 
0-9.0 and within the range percentages in tenth of percent steps 
such that any tenth of a percent may be a limit of a diminished 
range, as well as optional fining agents and coloring components 
in conventional quantities. 
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yet another feature o £ the invention ^ broadly ^ «- 
hot forming method characterised » - 

object is formed f» • -* M ^ fOUOWin9 . t , 

composition tin wt.. 

vantages in tenth of percent steps such that any 
the range percentages m 2 _ 

w» 9 limit of a diminished range, hx 2 3 
tenth o t a percent -y - a of steps 

10 an d within the range percentages 
such that any tenth of a percent may be 

B 0 5-20 ana within the range percentages in tenth 
range, B 2 0 3 5 auu limit of 

■ hed range MgO 0-8 ana within the range percentage, a. 
. diminished range, ^ ^ be , 

tenth of percent steps such that any 

0-12 and within the range 
limit of a diminished range, CaO 0 12 an 

in tenth of percent steps such that any tenth of a 
percentages in tenth 

percent may he a Hmit of a diminished range, 

,«ntages in tenth of percent steps such that any 
the range percentages in 

i. = limit of a diminished range, 
-=„fh of a percent may be a limit 01 a 

ventages in tenth of percent steps such 
and within the range percentages ^ ^ 

that any tenth of a percent may be a limit 

To-! and within the range percentages in tenth of percent 

' zr0 o-5 and within the range percentages in 

tenth of percent steps such that - ^ ^ ^ 

Hmit of a diminished range, Li 2 0 ♦ Na 2 0 
range percentages in tenth of percent steps such that 
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of a percent may be a limit of a diminished range, as well as 
optional fining agents and coloring components in conventional 

quantities . 

Still another feature of the invention resides broadly in 
the apparatus for the hot forming of a glass object from a glass 
m elt, whereby the surface of the glass object is at least partly 
exposed to a gas atmosphere during the hot forming, characterised 
by the fact that the apparatus has means for the hot forming of 
the glass object from a glass melt, means for the production of 
the gas atmosphere, means to define and regulate a specified 
oxygen content in the gas atmosphere and means to guide the gas 
atmosphere at least partly along at least one surface of the 
glass object. 

» further feature of the invention resides broadly in the 
apparatus characterized by the fact that the means for the hot 
forming of the glass object and the means to guide the gas 
atmosphere can withstand a temperature of more than 1000 • C xn 
particular a temperature of more than 1200' C. 

Another feature of the invention resides broadly in the 
apparatus characterised by the fact that the means for the hot 
forming of the glass object and/or the means to guide the gas 
atmosphere are coated at least partly with platinum or an alloy 
th at contains platinum and/or are made of platinum or an alloy 
that contains platinum. 



34 



NHL-SCT-22 

,.t another feature of the invention resides broadly in the 
apparatus characterized by the fact that the apparatus is part of 
a drawing plant, in particular part of a tube drawing plant or 
part of a flat glass drawing plant. 

Still another feature of the invention resides broadly - 
the use of the glass o bj ect produced by the hot forcing method 
for the production of light bulbs, in particular for the 
production of heavy-duty halogen light bulbs. 

» further feature of the invention resides broadly in the 
U se of the glass object produced using the hot forcing method for 

f containers in particular containers that are 
the production of containers, m v 

used as primary packing material for pharmaceutical products. 

another feature of the invention resides broadly in a hot 
f orming method and a device for the manufacture of a glass object 
£ rom a glass me!t. whereby the surface of the glass object is 

■, » crucified qas atmosphere during the 

exposed at least partly to a specified ga 

h ot forming, as well as to a use of the glass objects. The hot 
£ orming method teaches that a gas atmosphere with a set and 
controllable oxygen content is used, whereby the surface 
condition of the glass object can be modified and set by setting 
ana regulating the oxygen content in the gas atmosphere. 

T his invention further relates to a hot forming method and 
an apparatus for the manufacture of a glass object from a glass 
.It. whereby the surface of the glass object is exposed at least 
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diviner the hot forming, as 
partly to a defined gas atmosphere durxng 

.n as to a use of the glass object. 

1 corresponding foreign patent Ration applications 
namely, Federal Republic of Germany .tent Applxcatxo n . - ^ 
1S xOB 1 filed on Karch 31. 2000. having inventors Fran, 
Otmar BECKER , and Karin ~ - -X as C E-0S 100 « «... 
n d ,E-, 100 « -.I, as well as their fished ^ 
• lA „t B or corresponding applications, xf any, 
and other equivalents or corre y 

■ r h e Federal Republic of Germany and 
corresponding cases in the Federal y 

o ■ of the documents citea 

elsewhere, and the references cxted xn any of h 

h erein, are hereby incorporated by reference as xf 

their entirety herein. 

Th e components disclosed in the various publications 
dl sclosed or incorporated by reference herein, may be used n 

, the present invention, as well as equxvalents 
embodiments of the present x 

there ° f ' u • ^tiretv including all 

Th e appended drawings in thexr ^ t 

di mensions, proportions and/or shapes xn at least 

„r„q arp hereby included by 
4.-^v, a rp accurate and are neicuy 
of the invention, are accuxa 

reference into this specification. 

. nl all of the components and methods of 
All or substantially all, ot tne 

J at - least one embodiment 

tb. various embodiments may be used wxth at 
or all of the embodiments, if more than one embodiment xs 

described herein. 
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patent applications and publications 
All of the patents, patent a PP 

• and in the Declaration attached hereto, are 
recited herein, and 

her eby incorporated by reference as if 

entirety herein. 

4 is a copy of the figure l from U.S. Pat. No. 

Fiaure 4 is a 

-i ■ a i on February 20, 1979 and 
4 , 140 , 9 39 issued to Bonasoli .t 1. « 
entitled "Tungsten halogen lamp for headlights 

all of the reference numerals present in the original 
copy all of the 4 , 140 .939. have been 

figure, as it appears m O.S. Pat. 

„ U s Pat No . 4,140,939 is hereby incorporated by 
removed. U.S. Pat . reference numerals 

», if set forth in its entirety. The rer 

essentially reproduced herein as Figure 
rti , f - re well knovm in the prior art. 

h s, in one possible e^diment of the present invention, 
iiiustrated in F igure 4, the present invention is sho„n in 

* b.loaen lamp bulb comprising a glass 
possible embodiment of a halogen P ^ ^ 

capsule or body U having a seal ^ 

, aaa i 12 The capsule or Jooay 
13 extending through seal 12. inter nal ends 

fllina including halogen. Supported on the intern 
qaseous filling inciuu » ., lampnts 14 

■ 13 are two spaced apart tungsten filaments 
of lead-in wires 13 are two y 

, 14 is a coiled filament and filament 15 is 
and 15. Filament 14 is ^ 

, ' i filament. Filaments 14 and 15 are in 
coiled coil filament. ^ 

substantially orthogonal to the axis of capsule 
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laterally offset in order to provide proper orientation of the 
beams radiated by the lamp assembly. 

Figure 5 illustrates a possible embodiment of method in 
accordance with the invention. Thus, in step 30 there is 
produced a melt of molten glass, for example, at a temperature of 
1300 degrees Celsius. In step 31, so as to form a body of glass 
by hot forming, molten glass is passed along a tool to form a 
glass body, this may be a hollow glass body or possibly a flat 
body of glass. In step 32 there is passed a stream of gas having 
a sufficient oxygen content through the interior of the glass 
body that is being formed, or possibly along a surface of the 
flat body of glass, so as to minimize sodium ions and/or alkali 
oxides in the body of glass that is being formed to produce a 
glass surface of predetermined quality and predetermined purity, 
in step 33 the glass is formed to final shape. Typical products 
of such method include halogen lamp bulbs, discharge lamp bulbs, 
arc discharge lamp bulbs, neon lights, glass electrodes, 
analytical process glass, reagent container glass, glass test 
tubes, burets, pipettes, titration cylinders, glass reagent 
bottles, tubular glass parts in duct work, chemical equipment 
construction glass, flow meter glass, biotechnological process 
glass, display component glass, medical glass containers, 
ampules, bottles, injection bottles, cylinder ampules, or 
pharmaceutical product primary packaging glass. 
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Aluminosilicate glass in accordance with the present 
invention may, for example, have any value (in % by weight, based 
on oxide) of A1 2 0 3 (alumina, aluminum oxide, in the range of from 
about 10 to about 27, for example, 11 and 26, and within the 
range percentages in tenth of percent steps such that any tenth 
of a percent may be a limit of a diminished range. Thus, the 
value for A1 2 0 3 , in % by weight, based on oxide, is not limited 
to the first and final values of the range, but can comprise any 

value of A1 2 0 3 between them. 

Other components and quantities of the glass in accordance 
with our invention are likewise not limited to the first and 
final values of the indicated range, but can comprise any value 

between them. 

It will be appreciated that the concentration and rate of 
flow of oxygen or oxygen-containing gas, also referred to as 
stream of gas herein, is in conformity with the particular 
manufacturing method, size of the equipment employed and the Irxe 

parameters . 

some examples of borosilicate glass compositions which may 
possibly be incorporated in an embodiment of the present 

, . T1 o p.,*- no 4,536,329 issued to 
invention may be found xn U. S . Pat . mo . * , o 

Hormadaly on August 20, 1985 and entitled "Borosilicate glass 
composition"; U.S. Pat. No. 4,537,703 issued to Hormadaly on 
August 27, 1985 and entitled "Borosilicate glass compositions"; 
U.S. Pat. No. 4,870,034 issued to Kiefer on September 26, 1989 
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and entitled "Borosilicate glass"; U.S. Pat. No. 5,219,801 issued 
to Shorrock et al. on June 15, 1993 and entitled "Borosilicate 

•i-*™-. n q Pat No. 5,480,846 issued to Sundberg et 
glass composition"; u.fa. fat. nv. =>, 

al. on January 2, 1996 and entitled "Borosilicate glass"; U.S. 
Pat. No. 5,599,753 issued to Watzke et al . on February 4, 1997 
and entitled "Borosilicate glass weak in boric acid"; and U.S. 
Pat. No. 6,118,216 issued to Marlor on September 12, 2000 and 
entitled "Lead and arsenic free borosilicate glass and lamp 
containing same", all of these U.S. patents being hereby 
expressly incorporated by reference as if set forth in their 

entirety herein. 

Some examples of features relating to neutral glass 
compositions which may possibly be incorporated in an embodiment 
of the present invention may be found in U.S. Pat. No. 4,873,206 
issued to Jones on October 10, 1989 and entitled "Dark, neutral, 
gray, nickel-free glass compositions"; U.S. Pat. No. 5,413,971 
issued to McPherson on May 9, 1995 and entitled "Laser absorbing 
filter glass"; U.S. Pat. No. 5,662,918 issued to Winter et al . on 
September 2, 1997 and entitled "Pharmaceutical agents containing 
diphosphonic acids and salts thereof", which includes a 
description of neutral glass as the material for the container 
for the agent; and U.S. Pat. No. 5,650,365 issued to Higby et 
al. on July 22, 1997 and entitled "Neutral low transmittance 
glass", all of these U.S. patents being hereby expressly 
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incorporated by reference as if set forth in their entirety 
herein. 

Some examples of aluminosilicate glass compositions which 
may possibly be incorporated in an embodiment of the present 
invention may be found in U.S. Pat. No. 4,366,409 issued to Nieda 
et al. on December 28, 1982 and entitled "Halogen incandescent 
lamp"; U.S. Pat. No. 4,530,909 issued to Makishima et al . on July 
23, 1985 and entitled "Aluminosilicate glass containing Y 2 0 3 
concentrate and Zr0 2 »; U.S. Pat. No. 4,626,515 issued to Chyung 
O et al. on December 2, 1986 and entitled "Alkaline earth 

aluminosilicate glasses"; U.S. Pat. No. 4,814,297 issued to Beall 
et al. on March 21, 1989 and entitled "Strengthened glass article 
and method"; and U.S. Pat. No. 6,069,100 issued to Naumann et al . 
on May 30, 2000 and entitled "Glass for lamp bulbs capable of 
withstanding high temperatures", all of these U.S. patents being 
hereby expressly incorporated by reference as if set forth in 
O their entirety herein. 

Some references referring to the Velio process, features of 
which may possibly be incorporated in an embodiment of the 
present invention may be found in U.S. Pat. No. 6,017,838 issued 
to Marlor on January 25, 2000 and entitled "Lead free soft glass 
having high electrical resistivity"; U.S. Pat. No. 1,606,276 
issued to Velio on November 9, 1926 and entitled "Apparatus and 
method for the production of incandescent lamps"; and U.S. Pat. 
No. 1,861,167 issued to Velio on May 31, 1932 and entitled "Bulb, 
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t ube, or other hermetically closed receptacle for incandescent 
leclric lamps ^ similar -ices ana process of manufacture * 

tt q natents being hereby expressly 
the same", all of these U.S. patents 

■e cot forth in their entirety 
incorporated by reference as if set forth 



herein. 



Some references referring to the Banner process. Matures of 

wh ich may possibly - incorporated in an * ~ 

j . n Q pat No. 1,261,366 issuea 
present invention may be found in U.S. Pat. 

on ^ 2 1918 and entitled "Method of formmg *eet 
to Danner on April a 

ql „... U.S. Pat. No. 1,2,1.3,7 issued to Danner on Aprrl 2, 

9 • crlass"- U.S. Pat. No. 

and entitled "Apparatus for forming sheet glass , U 

t ^ is 1918 and entitled "Process 
1 269 791 issued to Danner on June 18, 1918 

• n „ ns Pat No. 1,734,965 issued to 
for forming glass article"; U.S. Pat. » 

* r 12 1929 and entitled "Method and apparatus 
Danner on November 12, 1929 an 

for forming glassware"; U.S. Pat. No. 2,390,926 issued to 

on oecember 11, 1945 and entitled "Hollow glassware-forming 

„ u S Pat No. 4,936,891 issued to Gunthner on 
apparatus"; and U.S. Pat . wo 

« * titled "Process and apparatus for tne 
June 26, 1990 and entitled t-r 

these U.S. patent, being hereby expressly incorporated by 
reference a, if set forth in their entirety herein. 

' see example, of tubular glass embodiments in wh.ch may 
^ssibly be incorporated events of the present invention^ 
e found in U.S. Pat. „o. i— ~ Bode e al. o 

26 1S77 and entitled discharge display device havrng offset 
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electrodes"; U.S. Pat. No. 4,666,488 issued to Mitzutani et al . 
on May 19, 1987 and entitled "Process of producing a highly pure 
glass tube"; U.S. Pat. No. 4,835,443 issued to Benson et al . on 
May 30, 1989 and entitled "High voltage hard glass halogen 
capsule"; U.S. Pat. No. 5,080,705 issued to Ott et al . on January 
14, 1992 and entitled "Method and apparatus for manufacturing 
profiled glass tubing"; and U.S. Pat. No. 5,785,729 issued to 
Yokokawa et al . on July 28, 1998 and entitled "Method for 
manufacturing large-sized quartz glass tube", all of these U.S. 
patents being hereby expressly incorporated by reference as if 
set forth in their entirety herein. 

Some examples of oxygen probes and oxygen treatment methods 
and apparatus which may possibly be incorporated in an embodiment 
of the present invention may be found in U.S. Pat. No. 4,384,934 
issued to de Bruin et al . on May 24, 1983 and entitled "Means for 
determining the partial pressure of oxygen in an atmosphere"; 
U.S. Pat. No. 4,548,680 issued to de Bruin et al . on October 22, 
1985 and entitled "Method for determining the partial pressure of 
oxygen in an atmosphere"; U.S. Pat. No. 5,670,032 issued to 
Friese et al . on September 23, 1997 and entitled "Electro- 
chemical measuring sensor with a potential- free sensor element 
and method for producing it"; U.S. Pat. No. 5,723,337 issued to 
Miiller et al . on March 3, 1998 and entitled "Method for measuring 
and controlling the oxygen concentration in silicon melts and 
apparatus therefor"; U.S. Pat. No. 5,888,265 issued to Bonaquist 
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et al. on March 30, 1999 and entitled "Air separation float glass 
system"; U.S. Pat. No. 5,906,119 issued to Boillet on May 25, 
1999 and entitled "Process and device for melting glass"; U.S. 
Pat. No. 5,939,313 issued to Cheng on August 17, 1999 and 
entitled "Stationary vortex system for direct injection of 
supplemental reactor oxygen"; U.S. Pat. No. 5,942,674 issued to 
Logothetis et al. on August 24, 1999 and entitled "Method for 
detecting oxygen partial pressure using a phase-transformation 
sensor"; U.S. Pat. No. 5,976,992 issued to Ui et al. on November 
2, 1999 and entitled "Method of supplying excited oxygen"; U.S. 
pit. No. 6,004,378 issued to Reiss et al. on December 21, 1999 
and entitled "Oxygen enrichment process"; U.S. Pat. No. 6,079,225 
\ issued to Ruppert et al. on June 27, 2000 and entitled "Method 
3 for the production of a quartz glass blank and apparatus suitable 
3 therefor"; U.S. Pat. No. 6,117,210 issued to Prasad et al . on 
I] September 12, 2000 and entitled "Solid electrolyte system for 
3 producing controlled purity oxygen"; U.S. Pat. No. 6,156,921 
* issued to Wagner et al . on December 5, 2000 and entitled "Method 
and apparatus for direct oxygen injection with a reactant stream 
into a fluidized bed reactor"; U.S. Pat. No. 6,177,001 Bl issued 
. to Meyer on January 23, 2001 and entitled "Internally calibrated 
oxygen sensor, method and system"; and U.S. Pat. No. 6,068,889 
issued to Seeman on May 30, 2000 and entitled "Method for 
lubricating glass molds, plungers and the like", all of these 
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U.S. patents being hereby expressly incorporated by reference as 
if set forth in their entirety herein. 

Some examples of flat gas production which may possibly be 
incorporated in an example of the present invention may be found 
in U.S. Pat. No. 3,218,143 issued to De Lajarte on November 16, 
1965 and entitled "Process for the manufacture of flat glass" ; 
U.S. Pat. No. 3,930,826 issued to Schornhorst on January 6, 1976 
and entitled "Conditioning flat glass for removal from supporting 
liquid following forming"; U.S. Pat. No. 3,938,979 issued to 
Plumat on February 147, 1976 and entitled "Method and apparatus 
for vertically drawing a glass ribbon"; U.S. Pat. No. 4,801,321 
issued to Pita et al. on January 31, 1989 and entitled "Method 
for the manufacturing of glass sheets"; U.S. Pat. No. 4,214,886 
issued to Shay et al . on July 29, 1980 and entitled "Forming 
laminated sheet glass"; U.S. Pat. No. 4,209,315 issued to 
Spurling on June 24, 1980 and entitled "Glass forming apparatus"; 
U.S. Pat. No. 4,929,266 issued to Cozac et al . on May 29, 1990 
and entitled "Method of manufacturing glass"; and U.S. Pat. No. 
5,078,777 issued to Cozac et al. on January 7, 1992 and entitled 
"Glass-melting furnace", all of these U.S. patents being hereby 
expressly incorporated by reference as if set forth in their 

entirety herein. 

Some examples of methods and apparatus of forming tubular 
glass and hot forming which may possibly be incorporated in an 
embodiment of the present invention may be found in U.S. Pat. No. 
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3,754,883 issued to Keefer et al . on August 28, 1973 and entitled 
"Glass tube forming apparatus and method"; U.S. Pat. No. 
3,937,623 issued to Kononko et al . on February 10, 1976 and 
entitled "Method of making glass tubes"; U.S. Pat. No. 4,175,942 
issued to Lipp on November 27, 1979 and entitled "Method of glass 
drawing"; U.S. Pat. No. 4,340,410 on July 20, 1982 and entitled 
"Float glass forming chamber with isolated heating means"; U.S. 
Pat. No. 4,340,412 issued to May on July 20, 1982 and entitled 
"Float glass forming chamber with externally supported roof"; 
U.S. Pat. No. 4,615,916 issued to Henderson on October 7, 1986 
and entitled "Surface treatment of glass containers"; U.S. Pat. 
No. 4,966,629 issued to Tsukiyama et al . on October 30, 1990 and 
entitled "Hot forming mold and method of manufacturing the same"; 
U.S. Pat. No. 5,559,060 issued to Dumbaugh, Jr. et al . on 
September 24, 1996 and entitled "Glass for laminated glass 
articles"; U.S. Pat. No. 5,967,871 issued to Kaake et al . on 
October 19, 1999 and entitled "Method for making black glass 
substrate for plasma display panel"; U.S. Pat. No. 5,987,923 
issued to Ostendarp et al. on November 23, 1999 and entitled 
"Process and apparatus for hot forming precision structures in 
flat glass"; and U.S. Pat. No. 6,098,426 issued to Anderson et 
al. on August 8, 2000 and entitled "Method and apparatus for 
forming a glass article possessing an aperture", all of these 
U.S. patents being hereby expressly incorporated by reference as 
if set forth in their entirety herein. 
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f olass containers for pharmaceutical 
Some examples of glass ^ 
„ methods of making them, features 
products and methods ^ ^ ^ ^ 

possibly - s . pat . ho . ,,« 9 ,77S -Bued to 

invention may be found in „ ultra violet- 

« ^ in 1970 and entitieu 
— * OT ^ t 1 staining cerium and molybdenum 

oxides"; D.S. Pat. No ^ ^ 

7f 19 98 and entitled zircon ium oxide and 

- —^^Z riir-etter et al. on 
lithlu m oxide, U.S^ , ^ ^ ^ ^ treating . 

s0 Hd Apiece, especially ^ ^ ^ 2M1 and 

«• 15S .3„ iesued « S - e ^ sterlllzed for medical 

entitlea "Class cont ner ^ ^ ^ or 
purposes, in particu ^ ^ ^ ^ hereby 

diagnostic products , ln their 

expressly incorporated by reference as 

entlrety herein^ ^ ^ ^ halQgen lamp 

some examples ela g ^ o£ which ^ 

bulbs and relating to halogen P 

~,r»ted in an embodiment of tne p 
possibly ^ incorporated ^ ^ ^ ^ ^ co 

invention may be found in 

B o„a Z oli et al. on February 20 ^ ^ ^ ^ ^ „ 
halogen lamp for headlights , • • ne adlight 

„ t al on March 9, 1=>82 and entitled 
Bienvenue et al. 
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having dual filament tungsten halogen lamp"; U.S. Pat. No. 
4,339,685 issued to Saguchi et al . on July 13, 1982 and entitled 
"Sealed beam lamp assembly"; U.S. Pat. No. 4,342,142 issued to 
Nieda et al. on August 3, 1982 and entitled "Method for 
manufacturing sealed-beam type electric bulb"; U.S. Pat. No. 
4,540,911 issued to Arai et al . on September 10, 1985 and 
entitled "Halogen lamp unit"; U.S. Pat. No. 4,607,016 issued to 
Danielson et al . on August 19, 1986 and entitled "Glass for use 
as tungsten-halogen lamp envelopes"; U.S. Pat. No. 4,801,845 
issued to Kiesel on January 31, 1989 and entitled "Halogen 
incandescent lamp structure"; U.S. Pat. No. 5,513,08 issued to Ho 
on April 30, 1996 and entitled "Ultraviolet -reduced halogen 
lamp"; U.S. Pat. No. 5,850,124 issued to Hasegawa et al . on 
December 15, 1998 and entitled "Automobile lamp bulb with welded 
low beam shield"; U.S. Pat. No. 5,855,430 issued to Coushaine et 
al. on January 5, 1999 and entitled "Vehicle headlamp assembly"; 
U.S. Pat. No. 5,949,181 issued to Tabata et al . on September 7, 
1999 and entitled "Automotive lamp bulb with alignment bead"; 
U.S. Pat. No. 5,984,750 issued to Nishibori et al . on November 
16, 1999 and entitled "Method of sealing halogen lamp"; and U.S. 
Pat. No. 6,183,113 Bl issued to Waldmann on February 6, 2001 and 
entitled "Halogen lamp", all of these U.S. patents being hereby 
expressly incorporated by reference as if set forth in their 
entirety herein. 
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Some examples relating to discharge lamp bulbs and arc 
discharge lamp bulbs and to methods of making discharge lamp 
bulbs and arc discharge lamp bulbs, features of which may 
possibly be incorporated in an embodiment of the present 

i~ ^~,,r„q in tt q Pat- No 4.754,195 issued to Rasch 
invention may be found m U.b. u ac . jno . * , ^ , 

et al. on June 28, 1988 and entitled "High-pressure discharge 
lamp, and method of its manufacture; U.S. Pat. No. 4,840,593 
issued to Takeda et al. on June 20, 1989 and entitled "Low 
pressure mercury vapor discharge lamp and preparation thereof" ; 
U.S. Pat. No. 4,910,431 issued to Witt et al . on March 20, 1990 
and entitled "Hydrogen discharge ultraviolet light source or 
lamp, and method of its manufacture"; U.S. Pat. No. 5,083,065 
issued to Sakata et al . on January 21, 1992 and entitled 
"Lighting device for electric discharge lamp"; U.S. Pat. No. 
5,769,678 issued to Mohacsi on June 23, 1998 and entitled "Method 
of sealing vacuum ports in low pressure gas discharge lamps"; 
U.S. Pat. No. 6,179,45 Bl issued to Nakamura et al . on January 
30, 2001 and entitled "Vehicle lamp with protective film and 
method for making same"; and U.S. Pat. No. 6,181,054 Bl issued to 
Levin et al . on January 30, 2001 and entitled "Lamp bulb with 
integral reflector", all of these U.S. patents being hereby 
expressly incorporated by reference as if set forth in their 

entirety herein. 

Some examples of neon lights and the manufacture thereof, 
features of which may possibly be incorporated in an embodiment 
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of the present invention may be found in U.S. Pat. No. 4.998,365 
issued to BeseK on March 12, 1991 ana entitled "Segmented neon 
display"; U.S. Pat. No. 5,237,765 issued to Vargish, XI on August 
24 199 3 ana entitled "Illuminated dispiay sign",- and U.S. Pat. 
„ 5,339,230 issued to Oevorris on August 16, 1994 and entity 

Encapsulated charged gas light apparatus", all of these U.S. 
patents being hereby expressly incorporated by reference as rf 

set forth in their entirety herein. 

some exa^les of glass electrodes and the manufacture 

thereof, features of which may possibly be incorporated rn an 

embodiment of the present invention may be found in U.S. Pat. No. 

iQfift and entitled "Glass 

3 410 777 issued to Ross on November 12, 1968 and en 

electrode composition..; U.S. Pat. No. 3,480,536 issued to Arthur 
on November 25, 1969 and entitled "Ion sensitive lanthanum-cerium 

^ tt c pat No. 3,713,992 issued to 
containing glass electrode"; U.S. Pat. No 

T.nuarv 30 1973 and entitled "Glass electrode for 
Akazawa on January ju, j-*^ 

• ■ nh value at super high temperatures"; U.S. Pat. No. 
determining ph value at s=u P 

nine 7 1977 and entitled "Ph 
4 028,196 issued to Young on June 7, 

responsive glass compositions and electrodes-, and U.S. Pat. No. 
4 29V !93 issued to BrezinsKi et al. on October 27, 1981 and 
entitled "Ph electrode glass composition", all of these U.S. 
patents being hereby expressly incorporated by reference as rf 
set forth in their entirety herein. 

Some examples of burets and pipettes and methods of making 
them, features of which may possibly be incorporated rn an 
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embodiment of the present invention may be found in U.S. Pat. No. 
4,530,712 issued to Kopf on July 23, 1985 and entitled "Pipette 
puller"; U.S. Pat. No. 5,580,528 issued to Demers on December 3, 
1996 and entitled "Breakage resistant laboratory glassware 
article"; and U.S. Pat. No. 4,600,424 issued to Flaming on July 
15, 1986 and entitled "Method of forming an ultrafine 
micropipette" , all of these U.S. patents being hereby expressly 
incorporated by reference as if set forth in their entirety 
herein. 

An example of flowmeter glass, features of which may 
possibly incorporated in an embodiment of the present invention 
may be found in U.S. Pat. No. 5,837,904 issued to Porter on 
November 17, 1998 and entitled "Flowmeter tubes and method of 
installing them", all of this U.S. patent being hereby expressly 
incorporated by reference as if set forth in its entirety herein. 

Some examples of ampules and methods of making ampules, 
features of which may possibly be incorporated in an embodiment 
of the present invention may be found in U.S. Pat. No. 3,375,948 
issued to Creevy et al . on April 2, 1968 and entitled "Vented 
enclosed ampoule and method of making it"; U.S. Pat. No. 
3,923,487 issued to Lewis on December 2, 1975 and entitled 
"Method of making glass ampuls in a non-contaminating manner"; 
U.S. Pat. No. 4,226,607 issued to Domken on October 7, 1980 and 
entitled "Method for the manufacture of ampules from glass 
tubes"; and U.S. Pat. No. 4,516,998 issued to Ritt et al . on May 
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14, 1985 and entitled "Method of making tubular vials and 
ampules", all of these U.S. patents being hereby expressly 
incorporated by reference as if set forth in their entirety 
herein. 

Examples of glass bottled and methods of making them, 
features of which may possibly be incorporated in an embodiment 
of the present invention may be found in U.S. Pat. No. 3,498,773 
issued to Grubb et al . on March 3, 1970 and entitled "Method of 
strengthening glass by ion exchange"; and U.S. Pat. No. 4,493,722 
issued to Ono on January 15, 1985 and entitled "Method of 
producing glass bottles", all of these U.S. patents being hereby 
expressly incorporated by reference as if set forth in their 

entirety herein. 

The invention as described herein above in the context of 
the preferred embodiments is not to be taken as limited to all of 
the provided details thereof, since modifications and variations 
thereof may be made without departing from the spirit and scope 
of the invention. 
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At least partial nomenclature 

1) Gobbing end of feeder 

2) Discharge ring 

3) Tube drawing needle 
3a) Needle shaft 

3b) Needle head 

3c) Stripping edge 

4) Glass melt 

5) Glass tube 
□ 6) Rollers 

7) Gas atmosphere 

8) Muffle 

11) Glass capsule or body 

12) Seal 

13) Lead-in wires 

14) Tungsten filament 

15) Tungsten filament 

30) Step - producing melt of molten glass 

31) Step - shaping glass being drawn 

32) Step - exposing a glass surface to oxygen atmosphere 

33) Step - forming final product 
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